Abstract. In the present work, we propose to search the charmonium-like states Z c (3900) and Z c (4020) in the B c decay.
Introduction
The charmonium-like state Z ± c (3900) (abbreviate to Z c here and after) was first observed in the J/ψπ ± invariant mass spectrum of e + e − → π + π − J/ψ by BESIII and Belle Collaborations [1, 2] , and then confirmed in D * D invariant mass spectrum of e + e − → π ± (DD * ) ∓ process [3] . The spin and parity quantum numbers of the Z c had been determined to be J P = 1 + by the partial wave analysis of the process e + e − → π + π − J/ψ [4] . As a partner of Z c , Z c (4020) (abbreviate to Z ′ c here and after), was discovered in the h c π ± invariant mass spectrum of e + e − → π + π − h c [5] and confirmed in the D * D * invariant mass spectrum of e + e − → (D * D * ) ± π ∓ process [6] by the BESIII Collaboration. The decays Z 
′+
c most likely contains at least four constitute quarks. Thus these two states can be good candidates of tetraquark states. In Ref. [7] , Z c was considered as the charm counterpart of Z b (10610) with [cq] [cq] tetraquark configuration, and the mass estimated by using QCD sum rule (QSR) was consistent with the observed one of Z c within the errors. The authors in Refs. [8] [9] [10] [11] [12] assigned both Z c and Z ′ c as a diquark-antidiquark tetraquark state with J P = 1 + , but the estimation in Ref. [12] indicated that the lowest axialvector tetraquark sates dominantly decay into J/ψπ, while their open charm decay modes were strongly suppressed , which is contrast with the experimental measurements. By reanlaysing the experimental data of J/ψπ invariant mass spectrum from the BESIII and Belle collaboration, the authors indicated that the data may contain another resonance and this resonance as well as Z c (3900) could be tetraquark states [13] . There are also some estimation based on constitute quark model, such as, QCD confining model based on SU(3) flavor symmetry [14] , color flux-tube model with a four-body confinement potential [15] , relativized diquark model [16] , and in Ref. [17] [18] [19] [20] [21] , where the long range pion exchange plays an important role. By using a D * D * interpolating current within QSR, the mass of the molecular state was consistent with Z ′ c [22] . The decay behaviors of Z c and Z ′ c were estimated in a phenomenological Lagrangian approach [23, 24] . In Refs. [25, 26] , the hidden charm decays of Z c and Z ′ c were estimated based on heavy quark symmetry. The estimations in Ref. [27] indicated that the hidden charm decays of Z c and Z ′ c could be understood by the final states interactions, which indicated that these two charmonium-like states could be molecular candidates. In Ref. [28] , the charmless decays of Z c and Z ′ c were investigated in an effective Lagrangian approach. With final states interaction effect, a pole corresponding to Z c in the complex energy plane in different Riemann sheets could be found, which supported Z c as a D * D + c.c molecular state [29] . By considering the couple channel effect of πJ/ψ −D * D interaction, Z c was found to be a virtual state [30] .
Besides the tetraquark and molecular scenarios, there are also some nonresonance interpretations, such as cusp effect [31, 32] and initial single pion emission mechanism [33, 34] , in which Z c and Z ′ c were considered as the kinetic effects due to D * D + h.c and D * D * interactions, respectively. In addition, the Lattice QCD estimations also indicated that Z c is not a conventional resonance but a threshold cusp [35, 36] .
In addition to the mass spectrum and decay behaviors, the production process can also provide some important information of the internal structures of Z Ref. [37] , where Y(4260) and Z c were treated as DD 1 + c.c and D * D + c.c molecular states, respectively. In Ref. [38] , a large cross sections for γp → Z + c n was predicted , however, the COMPASS Collaboration found no evidence of Z c , and an upper limit for the ratio B(Z c → J/ψπ) × σ(γN → Z c N)/σ(γN → J/ψN) were measured to be 3.7 × 10 −3 at 90% credit level. The cross section for the Pion-induced production of Z c off a nuclear target was estimated in Ref. [39] , where the nuclear target will enhance the meson productions. Recently, Z c is observed in the J/ψπ invariant mass spectrum of the semiinclusive weak decays of b-flavored hadron [40] . However, in the exclusive B decay process, such as B → K J/ψππ [41] and B → KD * D [42] , no signal of Z c is observed. Then, searching for the source of Z c production in the semi-inclusive b-flavor hadron decay will be interesting. In addition, the production of Z c and Z 
Theoretical framework and the decay amplitudes
The weak decays of B c → (cc)ρ have been well investigated in the literatures [46, 48] . For the completeness of this paper, we just present a short review of the decay amplitudes of B c → (cc)ρ, which will be used in our following estimations. At the quark level, the process happened in B
where the subscript V − A denotes the left-chiral current γ µ (1 − γ 5 ), c 1 and c 2 is the Wilson coefficients. The decay amplitudes for the non-leptonic decays can be formulated into the three factors: the non-leptonic decay constants, the weak current matrix elements and the relevant coefficients in the combinations. In particular, the non-leptonic decay constant are defined by hadronic matrix elements
where f ρ stands for leptonic decay constant of ρ meson, ε µ denotes the polarization of the vector meson, and the current J µ is J µ =q 1 γ µ (1 − γ 5 )q 2 . The transition matrix element between B c and (pseudo-)vector meson can be expressed in the combination of four form factors, V, A 0,± , which are the function of the square of the transfer momentum between B c and vector meson. The transition matrix element could be expressed as [49] [50] [51] [52] [53] (cc) J=1 (p 2 , ǫ)
where (cc) J=1 indicates J/ψ and h c here and after and P µ = (p + p 2 ) µ and Q µ = (p − p 2 ) µ 1 . The concrete expression of the form factors V, A 0,± will be discussed in the following section. 1 Actually, the expressions of the transition matrix in Refs. [49, 50, 53] is not exactly the same as Eq. (3). As for B c → J/ψ, the transition matrix defined in Refs. [49, 50] is,
and the one of B c → h c presented in Ref. [53] is,
One can find the expressions of the transition matrix in Eqs. (4) and (5) can be reduced to the form of Eq. (3) by absorbing some constant factors into the form factors.
With Eqs. (1)- (3), one can get the decay amplitude of B c → ρ(cc) J=1 ,
where A µν (P, Q) is defined as
where the Fermi coupling constant G F = 0.16637 × 10
GeV −2 , the CKM matrix elements |V cb | = 0.0405, |V ud | = 0.974 [54] , and a 1 = c 1 + 1 N c c 2 with N c = 3 to be the number of color. In the present work, we take a 1 = 1.14 [46] . The decay constant of ρ meson is taken as f ρ = 221 MeV [55, 56] .
As shown in Fig.1 , the initial B c and final
c π could be connected by meson loops composed by (cc) J=1 ρ. In the present work, we estimate the meson loop contribution in an effective Lagrangian approach. Besides the effective interactions of B c → (cc) J=1 ρ as shown in Eq. (7), we still need the effective Lagrangian for ρππ, which is [57, 58] 
where the coupling constants g ρππ = 6.05 [55] , which is determined from the ρ → ππ partial width. The J P quantum numbers of Z 
respectively. The coupling constants in the Lagrangian will be discussed in the next section.
and in a similar way, one can get the amplitude of B
c (p 4 ) corresponding to orresponding to Fig. 1b , which is, 
where
is a form factor introduced to depict the structure effects of the exchanged pion meson. In the present work, a monopole form form factor is adopted, which is,
where Λ is a parameter, which is of order 1 GeV [61] [62] [63] [64] .
Numerical results and discussion
Before we estimate the partial width of B 
In a similar way, one can estimate the coupling constant g Z ′ c h c π . We suppose Z ′ c dominantly decay into D * D * and h c π and the ratio of the partial widths of these two decay modes were measured to be 12.0 ± 3.3 [5, 6] , then with the center values of the width and the ratio, we can get the partial width of Z 
In the weak interaction vertex, there are four form factors, which are V(Q 2 ), A 0,± (Q 2 ). As indicated in Ref. [65] , the form factors are usually estimated in the quark model, thus, the form factors are known only in spacelike region. Thus, one need to analytically continue the form factors to the timelike region, where the physical decay processes are relevant. In Ref. [50] , the form factors for B c → J/ψ are parameterized as the form As for B c → h c , the form factors are parameterized as [53] .
and F(0), a and b are parameters. For completeness of the present work, we collect the values of these parameters in Table 1 .
In order to avoid ultraviolet divergence in the loop integrals and evaluate the loop integrals with Feynman parameterization methods, we further parameterize the form factors in the form
where the values of Λ 1 , Λ 2 and Λ 3 are obtained by fitting Eqs. (15) and (16) with Eq. (17) and the fitted parameter values are list in Table 2 .
In the present work, there is only one model parameter, Λ, which is introduced by the form factor in the amplitudes and generally, the magnitude of Λ is of order 1 GeV. In Fig.  2 , we present the Λ dependence of the branching ratio of B , which is large enough to be detected in further exclusive B c decays. This is comparable to the branching ratio of B c → X(3872)π in a model calculation [66, 67] . As for B 
Summary
After the observations of Z (′) c by BES III and Belle Collaborations, the specific properties of these two charmoniumlike states have stimulated great interests of theorist and experimentist to reveal their nature. Addition to mass spectrum and decays of the charmonium-like states, searching more production process are also interesting. Besides the electronpositron annihilation, the signal of Z c have been observed in the semi-exclusive b−flavored hadron. However, the charmoniumlike state Z c were not observed in the B meson decay, such as B → K J/ψππ and B → KD * D . Thus, searching for the source of Z c production in the semi-inclusive b-flavor hadron decay will be intriguing.
In present work, we investigate Z 
